Commentary

ABSTRACT
The radiation environment in deep space, where astronauts are behind the shelter provided by the Earth's magnetosphere, is a major health concern. Galactic cosmic rays (GCR) and solar particle events (SPE) are two basic sources of space radiation in the solar system. The health risks of exposure to high levels of space radiation can be observed either as acute and delayed effects. Zhang et al. in their recently published paper entitled "γ-H2AX responds to DNA damage induced by long-term exposure to combined low-dose-rate neutron and γ-ray radiation" have addressed the effects of different cumulative radiation doses on peripheral blood cell, subsets of T cells of peripheral blood lymphocytes and DNA damage repair. These researchers exposed animals to low dose rate 60 Co-rays at 0.0167 Gy h −1 for 2 h/d and 252 Cf neutrons at 0.028 mGy h −1 for 20 h/d for 15, 30, or 60 consecutive days. They reported that the mRNA of H2AX increased significantly, and showed a positive correlation with dose. Despite strengths, this paper has several shortcomings such as poor definition of low dose radiation as well as space and reactor radiation environments. Another shortcoming of this paper comes from this point that blood cell studies do not represent the biological effects of ionizing radiation on the total body. Moreover, the effects of the human immune system and DNA repair mechanisms are not included in the study. The role of pre-exposures and induction of adaptive response phenomena in decreasing the risk of radiation in deep space missions are also ignored.
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Bevelacqua J. J. and Mortazavi S. M. J. addition, the experimental conditions used in this study do not include microgravity, the duration of the space mission, and effects of radioadaptation. Moreover, the assumed dose of gamma and neutron radiation is not representative of the solar particle events (SPE) and galactic cosmic radiation (GCR) [2] [3] [4] [5] [6] [7] . In this light, this cannot be a good rationale for designing a study on the combined effects of exposure to neutron and gamma.
3. Although most Generation II reactor dose is from 60 Co, more recent generation II and Generation III reactors are dominated by 58 Co [2, 3, 5, 6, 8] . 58 Co has a 0.811 MeV photon while the average gamma energy of 60 Co is 1.25 MeV. Furthermore, these photons do not produce equivalent biological damage and radiation detriment. The delivered photon dose rate greatly exceeds the dose rate at a power reactor. In addition, workers are occupationally exposed for 2000 hours / year during their career which is not consistent with the experimental conditions. The spontaneous fission spectrum from 252 Cf is not equivalent to a power reactor neutron spectrum that is a combination of 235 U thermal fission, 238 U fast fission, and 239 Pu thermal fission [2] [3] [4] 6] . Only a small percentage of workers (primarily operators) receive any neutron radiation dose. Most workers receive dose from activation products [2] [3] [4] . The external doses are at power reactor of a combination of beta-gamma and neutron radiation subject to the conditions noted above. The delivered neutron dose used in the paper authored by Zhang et al. greatly exceeds the dose a worker receives in a year. The delivered doses in their paper exceed the occupational limits [3] . Therefore, these values are not representative of a power reactor environment.
4. Another shortcoming comes from the point that blood cell studies do not represent the biological effects of ionizing radiation on the total body. The experiment ignores radioadaptation to the radiation environment of a power reactor. The effects of the human immune system and DNA repair mechanisms are not included in the study. Radioadaptation increases the body's resistance to higher doses of radiation after a pre-exposure to a lower dose. The role of pre-exposures and induction of adaptive response phenomena in decreasing the risk of radiation in deep space missions has previously been discussed in detail by Mortazavi et al. [7] [8] [9] [10] [11] [12] . Citing reports authored by Mortazavi et al. and other researchers about the importance of radioadaptation in deep space missions, a 2016 NASA report [13] states it is realistic to expect that cells will be exposed to multiple hits of protons before being traversed by an HZE particle. Moreover, a paper authored by a group of 30 scientists from US, Canada, UK, Russia, and Belgium [14] has also cited Mortazavi's papers and confirms the key role of biological protection of astronauts.
In summary, the paper authored by Zhang et al. has several shortcomings such as poor definition of low dose radiation as well as space and reactor radiation environments. Moreover, blood cell studies do not represent the biological effects of ionizing radiation on the total body. The effects of the human immune system and DNA repair mechanisms are not included in the study. Furthermore, the role of pre-exposures and induction of adaptive response phenomena in decreasing the risk of radiation in deep space missions are also ignored.
